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ABSTRACT 
The energy and natural resources being increase due to the growth economic and attention together with the alternative 
fuel. As one of different solution to these problems, emulsion fuel technology in biodiesel has received close attention 
because it may provide better combustion efficiency and would contribute to a reduction in emissions, such as nitrogen 
oxides (NOx) or particulate matter (PM). These solution of this issue is by using biodiesel fuel as an alternative fuel from 
Crude Palm Oil (CPO). CPO is one of the most economical options for producing biodiesel due to the biodegradable 
properties and preserves energy. This study focuses on the observation of ignition and combustion characteristics of 
biodiesel-water-air rapid mixing of biodegradable fuel using internally rapid mixing injector in burner combustion. In these 
experiments, biodiesel fuel derived from the crude palm oil were used in the same nozzle θ = 50° characteristics of burner 
system. This study focuses on the observation of the real images of the spray characteristics together with equivalence 
ratio, water content, spray penetration length, spray angle and spray area. Water emulsion of percentage up to 15vol% and 
blending of biodiesel ratio was varied from 5vol%- 15vol%. The diesel fuel has been compared with based analyzed of real 
spray images with the times change. The results show the percentage of biodiesel and shows the higher of water content 
due to the higher viscosity affects. 
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INTRODUCTION 
Renewable fuels such as biodiesel continues to be of 
interest to achieve a sustainable energy economy, thus 
reducing dependence on fossil fuels. It is noted that the 
use of transportation fuels that are renewable and its use is 
increasing, particularly in Malaysia. 
In Malaysia, the development of biodiesel is 
increase in particularly for Crude palm oil (CPO). CPO is 
readily available, safe to store and handle, and most 
importantly, totally renewable. Its negligible sulphur 
content compared with diesel’s reduces the possibility of 
acid rain caused by sulphur dioxide emissions [6].  
Environmental concerns and the rising cost of 
fossil fuels such as diesel resulting in research on 
alternative fuels such as biodiesel have a charm of its own. 
Biodiesel is an environmentally friendly fuel that is clean 
and is a source of energy that can be renewed. It is usually 
made from animal fat or vegetable oil revenue trans-
esterification reaction. The oxygen content in biodiesel is 
11% - 15%, increased combustion process and reduces 
emissions from diesel engines [1]. The use of biodiesel is 
very good because it can help reduce the emission of 
harmful gases such as sulphur dioxide (S), carbon 
monoxide (CO) and hydrocarbons (HC). However, the 
percent of nitrogen oxide emissions (N) are very high 
compared to diesel fuel. This is because nitrogen oxide 
(N) is closely related to the concentration of oxygen in 
biodiesel fuel. In terms of the combustion process, the 
biodiesel is able to produce a complete combustion 
process compared to diesel fuel [2][4]. 
This research analyze the effect of mixture 
formation, crude palm oil blended fuel, injector on the 
burner system.  
Rapid premixing in the combustion process is 
used to reduce the gas emission especially NOx and flame 
temperature. The premixing also influenced on flame 
propagation phenomena. As additional, the gas emission 
also can be reduce by controlling the spray characteristic 
such as spray penetration and spray angle to compare fuel 
diesel and biodiesel Crude Palm Oil (CPO). 
 
EXPERIMENTAL SETUP 
 
The biodiesel used to be CPO biodiesel, which blended 
from Universiti Tun Hussein Onn Malaysia (UTHM) 
Automotive Laboratory and the particular of the tested 
fuel are detailed in Table 1.  The CPO biodiesel blended 
with diesel in various concentrations for preparing a 
biodiesel blend. Biodiesel blend starts from B5 to B15 
using the blending machine. During blending process, the 
mixture was stirred at 70⁰C for 1 hour and the rotating 
blade speed was adjusted to maintain the speed at 270 
RPM. The injector is equipped with one air compressor 
and two electrical pumps. Air flow rates and fuel flow 
rates are controlled by control valve and a voltage 
regulator respectively. 
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image becomes clearer and wider at high equivalent ratio. 
This means that there is more fuel is being injected to the 
injector. The penetration length shows an increasing trend 
with equivalence ratio for each type of water content. 
 
Table 3: CPO5 spray development for 50° of nozzle 
 
 
Spray Characteristics. Based on the Figure 2, penetration 
length, spray angle and spray area against equivalence 
ratio of different fuel is plotted. Penetration length for 
each type of fuel is increasing with the equivalence ratio.  
For the penetration length, increase of the 
equivalence ratio enhanced the penetration length. CPO15 
has the longest penetration length which is 315.86mm. 
The penetration length of blended CPO is higher than the 
diesel. This explains the relationship between the 
penetration length and the viscosity of the mixture. Since 
the viscosity of biodiesel is higher than diesel, longer 
penetration length will produce. 
Furthermore, trend of spray angle shows that the 
angle is decreasing as the equivalence ratio is increasing. 
From the graph it is found that diesel has the highest spray 
angle followed by CPO 5, 10 and 15 which are 7.1°, 6.92°, 
6.34° and 6.32° respectively. This behavior associated 
with the viscosity is lowest for diesel. It can say that the 
spray angle is inversely proportional to the viscosity of the 
mixture. 
Next, a similar trend is observed in spray area 
with penetration length. Penetration length gives more 
significant effect on the spray area. CPO15 produced 
largest spray area and the smallest area for diesel. This 
seems that the increase of the penetration length causes the 
spray area increase where the spray area for CPO15 is 
smallest. 
 
   
Figure 3: Spray characteristics of different fuels at 
W15 
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Figure 2: Spray characteristics of different fuels at W0 
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Figure 3 shows the spray characteristic of the different 
fuel at W15. The penetration length of the fuel has same 
trend with the Figure 2. CPO15 has longest penetration 
length with 356.28mm and diesel has the shortest length 
which is 246.98mm. Observation of spray angle is 
decreasing with an equivalence ratio of 0.6 to 1.4. W15 
has the smallest spray angle compared to the others since 
it is more water was injected into the fuel and increase the 
viscosity as well. Diesel has the highest spray angle which 
is 5.02° followed by CPO5, 10 and 15 with 4.92°, 4.8° and 
4.32° respectively. For the spray area, same trend has 
shown and the spray area is increasing based on fuel of 
high to low viscosity. Diesel trend has shown with the 
acceptable trend which is low compared to other fuels. 
This means that the previous problems had been solved 
with effective solutions. 
 
Table 4: CPO 5 flame development for 50° of nozzle 
 
 
 
Flame Propagation. Based on the graph Figure 4, flame 
length, total flame angle and flame area against 
equivalence ratio of different fuel is plotted. Flame length 
for each type of fuel is increasing with the equivalent 
ratio. Maximum flame length occurred at diesel among the 
other fuel which is 199.60mm and CPO10 has the shortest 
length which is 102.82mm. This explains the 
proportionality between the flame length and the viscosity 
of the mixture, which is same situation with the 45°of 
nozzle. 
 Moreover, the total flame angle for each type of 
fuel with increase of equivalent ratio which are from the 
diesel followed by CPO5, 10 and 15 at equivalent ratio of 
1.4 which are 103.32 °,102.42°,94.33°and 93.30 °. This 
shows that as the viscosity of the fuel increases, smaller 
spray angle will be produces. Same situation happened 
with the spray area compared to the 45° of nozzle.  
From the Figure 4.18, the diesel shows the 
longest flame length which is 167.45mm where the 
smallest flame length is CPO15 which is 110.82mm. Total 
flame angle shows uniform trend which fuel with high 
contents of diesel produces larger total flame angle 
followed by CPO5, 10 and 15 receptively which is 
100.05°,96.85°, 96.85°, 96.46°and 92.51°. 
Flame area also shows uniform trend, the flame 
area with all fuels increases uniformly to highest at 
equivalence ratio of 1.4.  
 
 
 
Figure 4: Flame characteristics of different fuels 
at W0 
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CONCLUSION 
 
In this research, a fundamental study on the mixture 
formation of rapid mixing of biodiesel-water-air technique 
was carried out using a burner system. It has been 
changing water content and the equivalent ratio. High 
water content in the mixtures will result in longer 
penetration length and smaller spray angle. Penetration 
length is contributing in spray area, where longer the 
length will produce the larger area. An equivalent ratio 
will give effect increase the penetration length as the 
equivalent ratio increase. In addition, flow rate makes the 
color intensity of spray increases with the increment of 
equivalence ratio, more fuel is being injected and hence 
the concentration of diesel fuel in the mixtures increases. 
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Figure 5: Flame characteristics of different fuels 
at W15 
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